Surface offset migrated common image gathers (SOCIGs) built by wave equation migration (WEM) using attribute migration have been recently proposed in order to export all the knowledge and pre/post processing tools available for the Kirchhoff migrated SOCIGs. However, when closely analyzed, the SOCIGs computed by Kirchhoff and WEM differ not only because of the way we solve the wave equation (ray tracing, finite differences…) but also by their asymptotic kinematic behavior. This behavior, characterizing the energy used to interpret images, cannot be neglected when designing tools using curvature observable in the gathers. Those differences become more obvious when the migration velocities are less correct. In this article we describe the asymptotic behavior of SOCIGs computed by reverse time migration using attribute mapping and explain how the kinematic information contained in these gathers can be used in a migration velocity analysis tool.
Introduction
Surface Offset Common Image Gathers (SOCIGs) are classical output of Kirchhoff migration algorithms for velocity analysis and imaging enhancement procedures. Conventionally, this output is available after application of Kirchhoff migration to common offset cubes of seismic data. To overcome the difficulties/instabilities of ray tracing in complex media, Kirchhoff migration has been replaced by wave equation migration (WEM) algorithms based on numerical wave propagation, twoway such as reverse time migration (RTM) and one-way WEM. The WEM methods are usually implemented shot by shot, thus benefiting from the entire receiver wavefield extrapolation at once. This strategy greatly reduces the cost of the overall migration but the implicit summation done during the migration does not allow sorting the migrated data to SOCIGs. In order to output gathers from those migrations, the image has to be decomposed into angle of reflection using one of the numerous techniques now available: Poynting vectors (Yoon and Marfurt 2006) , slant stacks of space/time lag gathers (Sava and Fomel 2003) , local wavenumber decomposition (Xu et al. 2010 ).
However, two methods have been recently proposed in 2012 to produce SOCIGs for RTM. The first one by Giboli et al. (2012) is based on attribute migration (Bleistein 1987) and the second by Etgen (2012) is the direct extension of offset domain Kirchhoff migration. We will focus here on the method proposed by Giboli et al. (2012) . This method can benefit from the imaging capabilities of a two-way numerical wave propagation method while still sorting the migrated output in offset. We show that even though the cube is effectively sorted by surface offset, the migration result is not equivalent to the offset domain Kirchhoff migrated result when the migration velocity is incorrect. We detail the kinematic properties of these gathers to understand the differences and we describe a technique for using the kinematic information contained in RTM SOCIGs of Giboli et al. (2012) for velocity analysis.
SOCIGs by RTM
The method published by Giboli et al. (2012) to compute SOCIGs from RTM is based on attribute migration (Bleistein, 1987) .
Step one, compute a conventional common shot RTM image shot by shot (here we stick to 2D for the simplicity of the demonstration but 3D extension is straightforward):
where represents the forward propagated wavefield from the source and the backward propagated wavefield from all the receivers. Next, apply a scaling factor to the traces corresponding to the value of the source receiver distance and compute a second back propagated wavefield . This produces a second weighted image . At reflector locations, the stationary phase principle allows to estimate the specular offset from the quotient (taking care to avoid zeroes in the denominator):
with . This allows us to build 2-D RTM SOCIGs with one additional propagation of the receiver field, weighted by surface offset. The 3-D SOCIGs sorted in offset in the x and y direction could be obtained with 2 additional propagations: one weighted by h x and the other by h y .
Kirchhoff and RTM SOCIGs comparison
We start by directly comparing the behaviour of the conventional offset domain Kirchhoff and the new RTM SOCIGs. dealing with angle domain common image gathers (Bartana 2006; Montel et al. 2011) . It means that there are kinematic differences between the two migrations when the velocity is incorrect. The offset domain Kirchhoff migration kinematics can be assessed from the two following focusing conditions, i.e. an observed event described in the data cube by travel time T obs (s,r) will focus at position (x,z) if and only if where corresponds to the traveltime function describing an event in the data cube and describes the two-way traveltime function involved in the kernel of migration operator and is the midpoint position. Equation 3 is called traveltime equality; equation 4 is called "stationarity", "tangency", or "specularity", and expresses the preservation of the traveltime slope in midpoint direction characteristic of offset domain Kirchhoff migration.
The computation of RTM SOCIGs can be viewed as a post imaging process where the imaging is described by equation (1) and a mapping operation is performed in equation (2). We take a closer look at the asymptotic behaviour of the imaging process to make a parallel with a Kirchhoff migration. For this purpose, we apply the stationary phase assumption (Bleistein 1984) to the high frequency asymptotic expression of (1) and obtain the condition under which one particular event located in the data cube will migrate at position :
These equations describe a common shot migration with the traveltime equality condition (5) and tangency condition (6). At this stage we need to introduce the map of specular shot positions which can be obtained through the map of specular offset computed from the attribute migration. This map describes the specular shot position corresponding to position . When we expand (5) to first order and simplify it using equation (6), we obtain for the position of the focusing of the event:
which we can map to the specular offset domain through: We are now in position to describe a migrated surface . If we evaluate equation (8) at , we have a common specular offset section of the migrated cube; dividing by we estimate:
Finally, setting in (8), we describe the SOCIGs RMO local slope by dividing by and rearranging terms:
The observed difference in Figure 1 comes from the mapping introduced in the process. The standard Kirchhoff migration doesn't contain this complexity (Chauris et al., 2012) . The offset is really the offset and not the specular offset. For RTM, we observe the migrated data in the specular offset domain but the imaging itself was performed in shot domain. So there is an inconsistency between the imaging domain and the domain of observation. This result implies: (1) the SOCIGs computed by conventional Kirchhoff and the RTM will not exhibit the same dip and RMO for a given position ; (2) for RTM SOCIGs, the tomographic rays can't be systematically traced from observed dip in the common offset migrated panel using Snell-Descartes law. We detail just below how to compute these tomographic rays.
Tomographic ray tracing
The tomographic ray tracing step is a crucial process that will allow us to link WEM to a ray based tomographic engine. Traditionally for Kirchhoff common offset tomographic ray tracing, the rays are traced from the picked dip (applying Snell-Descartes) and the initial ray conditions are updated in order to fit the particular offset considered. For this particular type of SOCIG, we see in equations (9) and (10) the specific equations that need to be honoured by the tomographic rays. We can identify the different terms:
and are the picked structural and RMO dip information on the migrated results.
and are source and receiver ray parameters combinations at the image point.
, and are the partial derivatives of the map of specular source positions.
is the surface slope misfit due to velocity error. By comparison with standard Kirchhoff SOCIG case, we have to deal with a new challenge: equation (9) indicates that the picked dip is also a function of the velocity error in the model through the dependence in . We have two possibilities at this stage: [1] The map was computed during migration and stored so it is available for the tomographic ray tracing step which becomes a two point ray tracing problem from image point to source followed by a two point ray tracing toward receiver position. We can then use equation (9) or (10) to estimate the source slope misfit due to the velocity error.
[2] The map is not available and we have to recover the map derivative terms, the tomographic rays and the surface slope misfit at the same time. The main challenge is that for each picks we have two equations and 5 unknowns (in 2D, three map derivative terms, one surface slope misfit and one initial ray direction to source since the other one to receiver will be constrained by the offset at the surface).This can be done for example by setting a system of equation using consecutive neighbouring picks in the x,z and direction on which we will had some additional constraints to link them such as a local constant stationary map derivative. We have indeed a similar situation with respect to angle domain migration (Montel and Lambaré, 2011) . The computation of the tomographic rays will require a nonlinear optimization and they do not systematically satisfy Snell-Descartes considering the dip observed in the common specular offset migrated section. This effect is illustrated in Figure 2 . (9) and (10) converges to a final pair of rays R2S2 and we can see that the final ray pair does not satisfy SnellDescartes law considering the observed dip in the common specular offset migrated panel.
Conclusions
We showed the necessity of a careful kinematic analysis when dealing with a "new" strategy to compute gathers. The differences observed between conventional offset domain migration and RTM SOCIGs as proposed by Giboli et al. (2012) when a wrong migration model is used complicates the prospect of directly using these new gathers with conventional velocity analysis tools. However, the kinematic analysis of RTM SOCIGs allows us to define a solution that allows us to plug these results into a standard ray based tomographic engine.
